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ABSTRACT 
A Study of Chaos in a Rotor System Supported by 
Ball Bearings. (April 2000) 
Steven Rey Ortiz 
Department of Mechanical Engineering 
Texas A&M University 
Fellows Advisor: Dr. Sherif Noah 
Department of Mechanical Engineering 
Chaos is a new term coined to describe the ordered 
randomness that appears in many deterministic nonlinear 
dynamic systems. Although chaos has some desirable 
features, it is usually advantageous to control and 
eliminate the chaotic behavior. Numerous researchers have 
published a myriad of papers on the application of chaos 
theory to mechanical, electrical and biological systems. 
However, control theories of chaos have been in existence 
for only a decade and have not been applied to rotor 
systems. 
The original objective of this research was to use 
these control theories to eliminate the chaotic behavior of 
a rotor system supported by ball bearings. After a 
semester of challenging research, the aim of this research 
was modified to determine if chaos existed in a real-life 
rotor system supported by ball bearings. This research 
will later be used to continue the original objective, 
control and elimination of chaos in the system. 
A Bently Nevada rotor system was assembled and 
connected to proximity probes and a data-acquisition system 
to study the vibration of the rotor's shaft at, varying 
speeds. Poincare plots were initially used in an at. tempt 
to find chaos. When this approach was inconclusive, a 
wavelet analysis technique and Past Pourier Transform 
yielded more concrete results. As the rotor speed 
increases, the behavior changes from quasi-periodic to 
weakly chaotic. The work done in this research project has 
been successful and will be applied to the control of chaos 
in this rotor system. 
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INTRODUCTION 
Recent developments in nonlinear dynamic system theory 
have led to an explosion of research on important aspects 
of chaos theory and their applications. Dynamic system 
theory has helped to explain the instability and 
bifurcation (sudden changes in the type of motion) of both 
natural and artificial mechanical systems. 
Any deterministic nonlinear system can display chaotic 
behavior, and ball bearings are an excellent example. Ball 
bearings are highly nonlinear and display frequent chaotic 
behavior. This nonlinearity stems from different sources. 
The fact that there is an internal clearance in ball 
bearings and that ball contact stresses (Hertz) are highly 
nonlinear are two sources of the nonlinearity. Thus, the 
rotor system is expected to show chaotic behavior for some 
range of its parameters. 
This thesis follows the style and format of the 
Journal of Vibration and Control. 
OB JECTIVES 
The fundamental objective of this research is to 
control the chaotic behavior of a rotor system supported by 
ball bearings. Before this objective can be achieved, 
there needs to be a method for verifying chaos in such a 
system. Thus, the objectives of this research are: 
1. Construct an experimental rotor system supported by 
ball bearings. 
Setup a data-acquisition system to measure and 
record shaft vibration. 
Analyze the data acquired to classify the system's 
behavior. 
EXPERIMENTAL SETUP 
Figure 1 (below) shows a diagram of the experimental 
setup, including proximity probes which measure the X and Y 
displacement of the shaft as it vibrates during operation. 
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Figure 1: Diagram of Experimental Setup 
Proximity probes operate on an eddy current principle. 
They are attached to a Proximitor that demodulates the 
signal and produces a negative output voltage proportional 
to the distance between the shaft and proximity probe. To 
keep this output voltage within an acceptable range for the 
analog/digital card (0 to 10 V), the voltage is first 
passed through an inverter circuit which converts negative 
voltages to positive voltages of the same magnitude. This 
circuit is composed of an operational amplifier, two 
resistors and a DC power supply. 
Provided the distance between the shaft and proximity 
probe is within the linear operating range of the proximity 
probe, the output voltages of the Proximitor are 
proportional to displacements. The output voltage range of 
this experiment is between 5. 4 and 6. 2 Volts, which is 
within the linear operating range (see Figure 2). 
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Figure 2: Calibration Plot of Proximity Probes 
After the output voltage is passed through the 
inverter circuit, it can be recorded by the computer data- 
acquisition system. This system records three channels: X, 
Y and a "notch" channel. The notch channel spikes once per 
revolution. This "notch" channel along with the data 
acquisition speed is used to determine the rotational speed 
of the shaft during testing. To guarantee that at least 
one sample of the "notch" channel occurs within the notch, 
20 points per revolution of the shaft should be measured. 
Given these demands and the processing limitations of the 
data acquisition system, the fastest assessable rotor speed 
is 7, 000 RPM. This is well below the 12, 000 RPM maximum 
speed of the rotor and has been a hindrance. 
RESULTS 
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Figure 3: Poincare Plot at 4630 RPM (quasi-periodic) 
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Figure 4: Poincare Plot at 6710 RPM (weak chaos) 
Poincare plots are typically used to display the route 
to chaos. The Poincare plot shown in Figure 3 forms a 
ring. This ring formation is typical of a system in a 
quasi-periodic state, which usually precedes chaos. When 
the rotor operates at a faster speed, it is expected that 
the state will become chaotic. Figure 4 shows this faster 
state, but the results are inconclusive. The Poincare plot 
should have shown a clear chaotic attractor (confirming 
chaos). However, at 6, 710 RPM, a chaotic attractor is not 
apparent. It could be chaotic, but this plot is not well 
bounded, as a good chaotic attractor should be. 
Wavelet analysis and a Fast Fourier Transform were 
used to confirm that the 4630 RPM speed was indeed quasi- 
periodic. It was also able to show a weakly chaotic state 
at the 6710 RPM speed. Figure 5 and Figure 6 show two 
examples of this analysis. Note in Figure 5 that there are 
two main frequencies in the Fast Fourier Transform. Since 
the larger frequency is not an even multiple of the lower 
frequency, the state is quasi-periodic. Figure 6 has one 
main frequency with many different minor frequencies. This 
behavior is weak chaos. 
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Figure 5: Analysis of Y Axis at 4390 RPM 
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CONCLUSION 
The wavelet analysis and Fast Fourier Transform can be 
used to reveal either periodic, quasi-periodic or chaotic 
vibrations. This analysis requires special software, but 
fewer data points than a Poincare plot requires. The 
experimental setup, data-acquisition system and analysis 
methods can be used to attempt either a feedback control 
system (Ott, Grebogi and Yorke, 1990) or an open-loop 
control system using periodic perturbations. 
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